Large decreases in the rates of sodium excretion, chloride excretion, and glomerular filtration were observed in patients with orthostatic hypotension when they assumed the upright posture following a period of recumbency. When they returned to the recumbent position, sodium excretion typically was not restored immediately in spite of immediate restoration of filtered sodium load. The decreased sodium excretion found to occur in patients with orthostatic hypotension when they are in the upright posture is considered to be due in part to the decreased filtered sodium load and in part to changes in tubular reabsorption that are independent of filtered sodium load.
WV THEN the normal human subject changes from the recumbent to the erect position, arterial blood pressure is maintained,' and there is either no change or only a moderate decrease in renal sodium excretion.2-6 When the patient with orthostatic hypotension changes from the recumbent to the upright posture a marked fall in arterial blood pressure occurs7-"; therefore, it might be anticipated that the decreased arterial blood pressure in the upright posture would be reflected by a decreased intraglomerular pressure, decreased glomerular filtration rate, and decreased sodium excretion.
The effect of posture upon the renal excretion of sodium in human subjects with orthostatic hypotension has not been reported previously. Studies of renal function in orthostatic hypotension have demonstrated a decreased rate of urine flow when such patients change from the recumbent to the upright position,13" while at the same time, phenolsulfonphthalein exeretion1"-"5 and uric acid clearance'6 remain unchanged. Corcoran In the present study it has been demonstrated that in orthostatic hypotension large From the Department of Physiology, University of Oregon Medical School, Portland, Oregon. changes in the renal excretion of sodium result from changes in body posture. Filtered sodium loads have been measured, afid the changes in sodium excretion have' been interpreted in terms of alterations in the glomerular filtration and tubular reabsorption of sodium. METHODS 1. Clinical Methods. Studies of renal function were performed upon three patients with orthostatic hypotension and upon one hypertensive patient under the influence of Dibenamine. Changes in renal function were obtained simply by requesting the patient either to assume a position of recumbency or to sit, stand quietly, or walk. In general, a period of erect posture was interposed between two periods of recumbent posture. Arterial blood pressures, pulse rates, fluid intake, and urine output were recorded. Diets were unrestricted except in experiment 6, in which case the patient was fasting, and in experiment 7, in which instance the patient was on a diet containing about 1. sodium load, which is equal to the product of the endogenous creatinine clearance and the serum sodium,t is also shown. Protocols of * Endogenous creatinine clearances are uncorrected for body surface area.
t Correction for the Donnan equilibrium and for plasma water content is not applied.
the individual experiments are presented as the legends of figures 1 to 7. In figure 8 the simultaneous excretion rates of potassium, ammonia nitrogen, and urea nitrogen are graphed with the postural changes in the creatinine and sodium excretion rates. The rate of urinary chloride excretion was determined in all cases and found to approximate closely the rate of sodium excretion. An example of this correlation is presented in figure 9 . The renal excretion of sodium was found to decrease greatly in the patients with orthostatic hypotension when they assumed the upright posture after a period during which they were recumbent. The rate of sodium excretion of the patient in the upright posture was found to be one-third to one-hundredth of the rate in the recumbent posture. A large percentage decrease in sodium excretion while the patient was in the upright posture occurred even in experiment 7. in which the patient was on a "salt-free" diet and excreting only minute quantities of sodium during the control period.
The decreased sodium excretion rate in- sodium excretion were found to change simultaneously in opposite directions.
In experiment 5 restoration of the glomerular filtration rate and filtered sodium load to the levels obtained while the patient was in the recumbent position occurred without restoration of urinary sodium excretion. In experiment 3, the initial rise in filtered sodium load is accompanied by a delayed increase in sodium excretion. The trend is also seen in experiment 2, in which urinary creatinine excretion returned to the value obtained during the period of recumbency, while urinary sodium excretion remained depressed. On the other hand, in experiment 7, urinary sodium excretion returned to the value obtained while the patient was recumbent in spite of the failure of the filtered sodium load to return to the level observed during recumbency. In experiment 3, figure 3 , during hour 12, a decrease in sodium excretion is seen to accompany a decrease in the endogenous creatinine clearance. During hour 13 a further decrease in sodium excretion occurs in the face of an unchanged glomerular filtration rate and filtered sodium load. While it is possible that the urine sample of hour 12 may have been by large decreases in glomerular filtration rate and filtered sodium load. This is in contrast to the situation in the normal individual who is up and about in whom, at most, relatively minor decreases in sodium excretion26 and glomerular filtration rate2 ' 26 occur. In recent years the relative importance of the glomerular filtration and the tubular reabsorption of sodium upon sodium excretion by the kidney has been the subject of many 1 .12 . proportionately to the decrease in glomerular filtration rate. In the case of urea, a substance not reabsorbed by an active process, the decrease in urea excretion results from the decreased glomerular filtration rate. Since the percentage decrease in urea excretion is greater than the percentage decrease in creatinine excretion, the decreased glomerular filtration of urea must secondarily result in more complete tubular reabsorption of urea by simple physical processes. Sodium resembles urea insofar as it is also a freely-diffusible substance. By analogy, the decreased filtered sodium load occurring when the subject is in the upright posture may also allow for more complete tubular reabsorption of sodium by simple physical processes. From these studies it appears that a sudden large decrease in glomerular filtration rate and filtered sodium load may cause a sudden severe decrease in sodium excretion. Later adjustments in tubular reabsorption, occurring independently of glomerular filtration rate and filtered sodium load, may tend to alter sodium excretion further, depending upon variables not yet clearly identified.
SUMMARY
The changes in renal sodium excretion resulting from changes of posture in patients with orthostatic hypotension have been measured and the results interpreted in terms of alterations in the glomerular filtration and the tubular reabsorption of sodium. The endogenous creatinine clearance was employed as a measure of the glomerular filtration rate, and filtered sodium loads were calculated as the products of the glomerular filtration rates and the serum sodium concentrations.
Large decreases in the rate of urinary sodium excretion and in glomerular filtration rate occurred when subjects with orthostatic hypotension changed from the recumbent to the upright posture. Typically, when they returned to the recumbent posture sodium excretion was not restored immediately in spite of the immediate increases in filtered sodium loads. Other examples of sodium excretion varying independently of filtered sodium load were observed; thus proof was obtained of altered tubular reabsorption of sodium. Changes in chloride excretion resulting from postural changes in patients with orthostatic hypotension were parallel and approximately equal to the changes in sodium excretion.
It is concluded that the decreased sodium excretion found to occur in patients with orthostatic hypotension when they were in the upright position is partly due to the decreased load of sodium filtered and partly due to changes in tubular reabsorption that are independent of filtered sodium load.
SUMARIO ESPAROL Gran diminucion en la velocidad de excrecio'n del sodio y cloruro, y la filtracion glomerular fueron observados en pacientes con hipotensi6n ortostatica al asumir la posicion vertical luego de un perifodo de reclinacion. Cuando volvieron a la posicion reclinada, la excrecion de sodio tipicamente no fue restaurada inmediatamente a pesar de inmediata restauracion de la carga de sodio filtrado. La diminuci6n de excreci6n de sodio encontrada en pacientes con hipotension ortostatica cuando en la posici6n vertical es considerada como causada en parte a la diminuci6n de carga de sodio filtrado y en parte a cambios en la reabsorcion tubular que son independientes a la carga de sodio filtrado.
